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ROUTING THROUGH TIDE GATES1 

In coastal areas diking systems associated with submerged culverts and 
automatic drainage gates are used to prevent inundation of lowland during 

P 
high tide. Dikes are used to withhold high tides from the lowlands. Cul- 

I verts or pipe outlets through the dikes are required to discharge runoff 
from the land side of the dikes.. Automatic drainage gates are provided at 1 

k 
the downstream end of the pipes to prevent backflow of the tidewater through 
the outlets during high tide. 

This Technical Release has been prepared to give a method of (1) deter- 
mining the size of outlet required to prevent inundation of land above a 
stated elevation; or (2) to determine for a selected pipe of standard size 
the highest elevation at which inundation will occur. 

The method does not attempt to predict the elevation of tide vs time 
nor the design inflow rate, but assumes that this information has been ob- 
tained along with the storage characteristics on the land side of the dike 
and the rating curves of the pipe. 

The following assumptions have been made for the analysis given in this 

* 

discussion. 

1. The tide elevation vs time curve is cyclic. The method involves 
the use of a design tide curve (tide elevation vs time) for the site. It is 
assumed that this information is available and that the design tide curve is 
selected by a consideration of extreme heights and variations of tides. 

2. The inflow rate from the land side of the dike is constant. 
Routing a design inflow hydrograph through the tide gates would be of little 
value because of the impracticability of predicting the time of the begin- 
ning of the storm with respect to the stage of the tide. Routing through 
tide gates in this Technical Release is based on the assumption that the in- 
flow rate is constant. Sound hydrological principles should be used to se- 
lect the design inflow rate. 

3. The outlet pipe is submerged at all times. Rating curves of 
pipe for the site should be obtained from pipe manufacturers or prepared for 
various diameters, lengths, and types of material with tide gates attached. 
The following analysis can be adjusted to include those situations in which 
the pipe is not submerged at all times. 

4. No reverse flow occurs through the outlets; i.e., no flow is 
assumed to occur from the tide side to the land side. 

'This Technical Release was developed and written by Paul D. Doubt and 
Gerald E. Oman of the Design Section to meet a specific field problem. 
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5. The tide gate opens or closes at the instant the head on the 
pipe varies from zero. The analysis can be adjusted for those situations in 
which this assumption is invalid. 

A topographic survey of the area above the dike is required to prepare 
a storage vs elevation curve. 

The analysis presented is one of steady state and is not to be considered 
as of a transient state. This requires that the ga,e opens at the same eleva- 
tion of the tide E, in every cycle of the tide curve and, of course, the gate 
closes at the same elevation of the tide E, in each cycle of the tide curve. 
The cycle of a tide curve will be considered from high tide to high tide. The 
symbol E, will be used to designate the elevation of the tide at which the 
gate opens in the first cycle and Es will be used to designate the elevation 
of the tide at which the gate opens in the second cycle. (See Fig. 1.) The 
times at which the gate opens and closes are designated t,, t,, and t, and 
have a datum corresponding to high tide. For a given pipe size there is an 
elevation of the tide E, at which the gate closes corresponding to the eleva- 
tion of the tide E, at which the gate opens. On changing the pipe size the;-e 
is another elevation E, corresponding to another elevation E,. In other words 
there exists for a given value of E, a corresponding value of E, and alsc a 
corresponding value of size of pipe. The corresponding values of E, and E, 
are ascertained in the following paragraphs. 

First Cycle 1 _ Second Cycle 

Time t 

FIGURE 1 

Determination of the elevation of the tide E2 at which the gate closes 
corresponding to the elevation of the tide E 1 at which the gate opens. The 
gate closes when the tide elevation and the elevation of the water surface of 
the storage are both equal to E,. (See assumption 5.) The gate opens again 
when the elevation of the tide and the water surface in the storage are again 
both equal to Es. During the time interval (ts - t2) the elevation of the 
tide Et is greater than the elevation of the water surface E upstream from 



the dike and the gate is closed and there is no outflow. All of the volume 
of inflow (I, - 12) that occurs during this time interval is stored in the 
impounding area upstream from the dike, or 
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I3 - I, = s, - s, (1) 

where 12, I, = volume of inflow corresponding to t,, t, 
S 2, S, = volume of storage in the area upstream from the dike corre- 

sponding to t,, t, 

The inflow rate i is constant and during the time interval (te - t2) 
that the gate is closed the volume of inflow is 

I3 - I, = i (t3 - t2) (2) 

From Eqs. (1) and (2) 

S, - S, = i (ts - ta) (3) 

Equation (3) expresses the relationship between the volume stored during 
the time interval when no outflow occurs and the time interval itself. Nei- 
ther the time interval (t, - t2) nor the volume stored (S, - S,) is known. 
The value E, has been selected. The relationship expressed by Eq. (3) is to 
satisfy the tide curve and the storage curve simultaneously. The difference 
in elevation (Es - E2) has an associated time interval (t3 - t2) according 
to the tide curve. This difference in elevation according to the storage 
curve represents a volume of storage which must be equal to the value given 
by Eq. (3) or (S, - S2) = i (to - ta). The change in elevation (E3 - E2) 
for any value of E, can be determined by superimposing a storage time curve 
drawn on transparent paper over the tide curve. The storage-time curve is 
obtained from the storage curve by determining the water-surface elevation 
vs time relationship when the inflow i to the dike is considered constant and 
the outflow is zero. The coordinates of the storage-time curve are the ele- 
vation of the water surface and time and have the same scale as the tide 
curve. This method of graphical solution for obtaining the correspondence of 
E, and E, is illustrated by Step 1 of ES-103, sheet 1. As previously stated 
the value of E, is equal to E,. 

Determination of the approximate value of An corresponding to the eleva- 
tion of the water surface E,. During the time interval (t2 - ti) the eleva- 
tion of the water surface E upstream from the dike is greater than the eleva- 
tion of the tide Et and the gate is open. The rate of discharge is dependent 
on the value of the discharge head h. The discharge head is the difference 
between the water-surface elevation and the tide elevation (Fig. 2). In the 
first cycle the outlet will be discharging water only during the time inter- 
val (t2 - ti). The pipe is required to discharge the total volume of inflow 
during one cycle i T in the time interval the gate is open (t2 - ti). There 
is only one outlet size of cross-sectional area AI, that will discharge the 
volume of inflow i T for a selected value of E,. For a given value of E, 
there is only one corresponding value of E, and only one value of Ap. If any 
one of these corresponding values is changed the other two are changed. In 
the solution for outflow through tide gates, simultaneous values of E,, E,, 
and Ap are to be found. The preceding paragraphs give the method of 
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determining the correspondence of E, and E,. A value of Ap can be found by 
trial and error by assuming a value of Ap for a selected value of E, and 
routing the flow through the tide gate to determine a routed value of E,. 
The routing is then repeated using various values of A'p until the routed 
value of E, is the same as that value of E, obtained by the method of the 
preceding paragraph. The number of times that the routing will have to be 
repeated can be reduced if the simultaneous values of El, E,, and Ap can 
first be closely approximated. The method of approximating the value of Ap 
is given in the following paragraphs. 
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FIGUFZ 2 

A straight line connecting points E, on the descending portion and E, 
on the ascending portion of the first cycle of the tide curve is an approxi- 
mation of the water-surface elevation for the time interval (t2 - ti) in 
which the outlet is discharging. The actual water-surface elevation is 
represented by the dashed curve shown in Fig. 2. 

A close approximation of the rate of outflow Q through the pipe outlet 
is given by the relationship 

where k is considered to be a constant. 

The total volume of outflow (0, - 0,) through the outlet is the integral 
of Q dt or 

(0, - O,)= jt2Qdt=kAp d'6- dt 

t1 1 
(5) 
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Equating the total volume of outflow during the time interval (t2 - tl) 
to the total volume of the inflow during one cycle of the tide i T results 
in the relationship 

iT -= 
k *P s 

tz fi dt = B 
t1 

. 
where B represents the area under a curve that would be obtained in the plot 
of fi vs t between the time t, and t,. The values of h for the plot are 
obtained by measuring the ordinates between the approximate water-surface ele- I vation (the straight line connecting E, and E2) and the tide curve. Deter- 
mination of the value of B is illustrated by Step 2b, ES-103, sheet 2. 

Rewriting Eq. (6) 

kAp+ (7) 

The pipe size corresponding to the value of k Ap in Eq. (7) can be ascer- 
tained from the rating curves of the pipe outlets. The values of k Ap corre- 
sponding to various size pipes are obtained from the relationship (see Eq.. 4). 

k Ap = (8) 

A value of k AR is obtained when an arbitrarily selected value of h and the 
corresponding '4 as read from the rating curves are substituted in Eq. (8). 

The pipe size used to obtain a k Ap value in Eq. (8) which is equal to 
the value of k Ap in Eq. (7) is the approximate pipe size corresponding to 
the value of E,. This method of determining the corresponding approximate 
pipe size to the values of E, and E, is illustrated by Steps 2d and 2e of 
ES-103, sheet 2. 

Method of routing to determine the value of E, given E, and AE. The 
storage equation is 

LYI=no+@s (9) 

where LX = the volume of inflow in any fixed incremental time interval At 
I A0 = the volume of outflow in any fixed incremental time interval At 

Ds = the volume of increased storage in any fixed incremental time 
interval At 

The inflow rate i is constant and the volume of inflow for the time in- 
terval is i at. When At is sufficiently small, the volume of outflow a0 for 
the time interval LX is nearly 

m = Qa + Qll At 
2 (10) 

where &a = rate of outflow at the beginning of the time interval Ot 
Qb = rate of outflow at the end of the time interval LX 
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Writing the storage equation in terms of inflow rate i and outflow rate 
Q for the incremental time interval at obtain, after dividing by At, 

i = Qa + Qb AS 
2 +nt (11) 

Solving for the rate of change of storage with respect to time, obtain 

I 

E 

E 
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E 

0 

as 
i- Qa + Qb 

Af= Q 

E is considered td be 
increasing in this direction 

Datum for 
y and E -E, 

y is considered to be 
increasing in this direction 

0 
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FIGURE 3 

The head ha causing discharge through the pipe (see Fig. 3) at time ta 
1.9 

ha = E, - Et a f (Ea. - El) + (E, - Eta) 

Let y = E, - Et. At the time ta + At the head ha + & is 

ha+Ah= [(Ea+m)-EE,] + [El-(Et 
a 

+mt)l 

Let ay = - @Et. Subtracting Eq. (13) from Eq. (14) and replacing - &Xt by 
Ay, write the result 

Ah=ny+m 

Dividing by At 

@h AY LQ3 
nt=nt+nt 

Solving for Dt 

(15) 0 
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Solving for At 

At = Ah 

42 + @E 
At E 

As 
AE ot 

and since nt Eat; 

At = Ah 
As 

Ay At 
at+ns 

E 

Equation (16) is the basic equation used in routing through the tide gate. 

The value of g is obtained from the storage curve. It is the rate of change 

of volume of storage at the elevation Ea. As The value of at is the rate of 

change of storage with respect to time during the time interval At and is 

evaluated by Eq. (12). The value of $$ is the rate of change of the tide 

elevation as obtained from the tide curve. The value of Ah is arbitrarily 
chosen and the corresponding value of At is determined by Eq. (16). The 
method of routing is illustrated by Step 4 of ES-103, sheet 3. 


















